Section 1. Dynamic Fluorescence Anisotropy
Dynamic fluorescence anisotropy measures molecular motions that lead to depolarization of linearly polarized excitation light on nanosecond timescales. For isolated fluorescent chromophores in solution, emission depolarization is driven by rotational diffusion. Therefore, dynamic anisotropy experiments directly measure the rotational diffusion timescales. The dynamic anisotropy decay profile is defined as, ( ) 
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 are the intensities parallel and perpendicular to the excitation polarization plane, respectively, and G is a correction factor that compensates for depolarization due to optics and detection.
G was calculated using a tail-matching method with a standard sample (AlexaFluor488 in DI water) for which the dynamic anisotropy decays to 0 within the time scale of the experiment (~20 ns) (Fig. S1a ).
Dynamic fluorescence anisotropy was measured for AlexaFluor488 dissolved in PSS solutions ranging from 0-25% polymer w/w. (Fig. 1) , which represent the temporal average of the dynamic anisotropy profiles, are consistent with this picture.
Section 2. Fluorescence Spectroscopy of AlexaFluor488-PSS Complexes
Complexation of aromatic chromophores with polyanionic polymers, driven by anion-π interactions, is known to facilitate short-range stacking interactions between chromophores (1-3). Steady-state and dynamic anisotropy experiments indicate that that AlexaFluor488 forms complexes with PSS (Fig. 1, Fig. S1 ). In addition, spectroscopic evidence for this phenomenon is provided by a red-shift in fluorescence emission upon complexation. Fig. S2 shows the fluorescence emission spectrum of AlexaFluor488 in PEG and PSS solutions. In PEG solutions, no red-shift was observed with increasing polymer concentration. In PSS solutions, however, a red-shift in the emission spectrum is observed with increasing polyelectrolyte concentration. This is attributed to stacking of the chromophore in chromophore-polyanion complexes (1, 2).
Section 3. STED and STED-Anisotropy Microscopy
The diffraction-limited resolution in traditional confocal microscopy is overcome in STED microscopy by adding a doughnut-shaped depletion laser beam (STED beam) that overlaps with the excitation laser beam (4) . Chromophores in the crest of the STED beam deplete via stimulated emission, while chromophores in the central region of the doughnut beam fluoresce. In this study, we use a continuous wave (CW) STED microscopy (488 nm excitation, 592 nm depletion) (5) which provides a spatial resolution of ~70 nm with STED power of 300 mW at the back focal plane of the objective. This depletion beam was right-handed circularly polarized in order to produce the ideal doughnut for STED microscopy (6) . In order to avoid absorption by STED beam the wavelength is typically selected such that it falls on the tail region of the emission spectrum of the chromophore. Nonetheless, at high STED beam intensities, measurable absorption and anti-stokes scattering reduce the image contrast and decrease the effective resolution. To selectively detect fluorescence signal generated by excitation light without interference from the STED beam we implement lock-in detection (7) . In this setup, the excitation beam is modulated with a pre-defined frequency that modulates fluorescence emission, while no modulation is applied to the STED beam. The TTL signal from the single-photon counter (SPC) is then counted in perfect synchronization with the reference signal using multifunction data acquisition (DAQ) card.
Fig . S3a shows the synchronization scheme used for excitation modulation and DAQ card acquisition. To ensure perfect synchronization, pixel clock generation and counters are configured to start at the rising digital edge signal of the analog output start trigger terminal. The details of synchronous detection are the following: 1) A square reference signal (TTL 0-5 V) generated by a counter (ct0) modulates the excitation beam at the desired frequency (typically between 100 kHz to 1 MHz), 2) the counters (ct2 & ct3) count the SPC TTL pulses, and return a list of counted values that are exactly synchronized with the sample clock (ct1), and 3) subsequent values in the list are subtracted in consecutive pairs, providing the amplitude of SPC count unaffected by background from the STED beam. The number of modulation cycles incorporated into a single pixel is user-defined according to the desired signal-to-noise ratio. To demonstrate the synchronous detection method, we imaged 100 nm fluorescent beads (Fig.  S3b-c) . Images were collected with 10 modulation cycles of excitation per one pixel with a temporal width of 2 µs per each cycle (20 µs/pixel dwell time). As expected, a notable strong background appears in direct STED imaging, while significant reduction of background is observed in synchronous detection mode (Fig. S3b-c) . From these results, we conclude that synchronous detection can effectively remove background caused by the intense STED beam. The removal of the strong background allows for ratiometric imaging to be coupled with STED microscopy.
For STED-anisotropy imaging, pixel-by-pixel anisotropy values are calculated according to Eq. 1. Anisotropy values measured for AlexaFluor488 in water-glycerol mixtures with and without the STED beam confirm that introducing the STED beam does not quantitatively change the measured anisotropy (Fig. S4) .
We demonstrate the improvement in spatial resolution of STED-anisotropy compared to confocal-anisotropy for imaging of continuous samples and discrete samples. In the case of continuous samples, such as the depletion layers imaged in this report, the spatial resolution is given by the modulation transfer function (MTF), defined as the Fourier transform of the PSF (8).
The maximum resolution of an imaging system is defined by the cutoff frequency (maximum spatial frequency resolvable), which is experimentally estimated as the frequency at 5% contrast (9) .
The PSF of the STED microscope is well fit by a Gaussian function with a FWHM of 70 nm (Fig. S5a) . The MTF shows a 5% contrast level at 1.35x10 7 m -1 , or 74 nm (Fig. S5b) . This spatial resolution applies to both intensity and ratiometric imaging of a spatially varying continuous sample. We confirm this by simulating the MTF as a function of FWHM. Two sample signals are generated as sinusoidal functions with a period of 100 nm. The convolution of the Gaussian PSF and the sample signals were computed at each point (Fig. S5c) . Ratiometric imaging is simulated by     PSF SignalA PSF SignalB   . The modulated signal is clearly resolved when the FWHM of the PSF is less than 100 nm, as expected (Fig. S5d) . The MTFs were then computed from the simulation and compared to the experimentally measured MTF ( Fig. S5b ; red, blue, grey). We find the simulation produces MTFs comparable to our experimental result. The spatial resolution of STED-anisotropy is therefore estimated by the FWHM of the PSF when imaging continuous samples. To demonstrate the improved resolution when imaging discrete samples, we imaged 100 nm fluorescent polystyrene beads. Confocal and STED-anisotropy images and corresponding cross-sections are shown in Fig. S6 . Under STED illumination the PSF is significantly reduced and more symmetric. For both confocal and STED-anisotropy imaging of a discrete sample, the PSF has a top-hat (instead of Gaussian) shape that arises due to the ratiometric measurement of the discrete sample.
Section 4. Estimation of Electrostatic Interaction Length
Silica is expected to be negatively charged under our experimental conditions (pH = 7 in DI water, pH = 8 in Tris-EDTA buffer) with a surface change density of . Under these conditions the wall-polymer interaction decays in less than 50 nm. This is consistent with electrostatic interactions for PSS-silica measured via surface force measurements (SFA) (12) and 5 AFM (13). However, in our experiments, the depletion layer is measured to be significantly larger than 50 nm in DI water (> 300 nm). As such, the electrostatic contribution to the center-of-mass of the depletion layer is expected to be negligible. 12 2 r of a Polyelectrolyte Chain
Section 5. Models for
We find that our experimental data of depletion layer thickness as a function of ionic strength is best captured by modelling PSS as a wormlike chain (WLC) (14) with an electrostatic persistence length given by Odijk-Skolnick-Fixman (OSF) theory (15, 16) (Fig. S7, red) . To demonstrate that this is the most appropriate model, we fit the experimental data with alternative models for polymer conformation (including a freely jointed chain (FJC) model (17)) and electrostatic persistence length (including Barrat and Joanny (BJ) model (18)).
WLC model with an electrostatic persistence length given by BJ theory. BJ theory is a modified version of OSF theory that accounts for high bending angles of the polymer (18) . While this model appears to capture the data at low ionic strengths, it fails to capture the experimental data at higher ionic strength (Fig. S7, grey curve) . This is expected, as BJ theory is typically applied to systems where the persistence length is smaller than the Debye screening length, which occurs at low ionic strengths.
FJC model with an electrostatic persistence length given by OSF theory.
We find that this model decays too fast to capture the experimental data (Fig. S7, pink curve) . We therefore did not include FJC combined with BJ theory as BJ theory leads to a more rapid decay in polyelectrolyte size than OSF theory.
Model proposed by Dobrynin, Rubinstein, and coworkers (19 
Section 6. Reynolds Number
For the experiments presented in the main text, the flow through microfluidic channels is assumed to be laminar. The onset of turbulence is expected at high Reynold's number (
Re 2000 
) (20) . Re can be calculated as:
Re uL
Where u is velocity of the fluid,  is the kinematic viscosity of the fluid, and L is the characteristic length scale. The dynamic viscosity of 10% PSS solutions was measured to be 0.015 Pa•s (Fig. S8) , which leads to a kinematic viscosity of 2·10 -5 m 2 /s. For the dimension of the 6 microfluidic chambers used in these experiments (30 μm), Re is calculated to range between 10 -2 and 10 -1 , well below the critical Re that marks the laminar-turbulence transition.
Section 7. STED-Anisotropy Imaging of AlexaFluor488 in Water
To demonstrate that depletion layers are not observed in absence of polymers, we measure the anisotropy profiles of AlexaFluor488 in DI water both at equilibrium and under flow (Fig. S9) . The measured anisotropy profiles, for both conditions, are uniform from the wall to bulk solution with an average anisotropy value of 0 (after correction according to Eq. 1). 
